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AERONAUTIC SYMBOLS 

L FUNDAMENTAL AND DERIVED UNITS 



Symbol 



Length _ 
Time--- 
Force... 

Power, . 
Speed. _ 



I 
t 

F 



P 
V 



Metric 



Unit 



meter 

second 

weight of 1 kilogram. 



horsepower (metric) . 
/kilometers per hour_ 
Imeters per second _ _ 



Abbrevia- 
tion 



m 
s 

kg 



k.p.h. 
m.p.s. 



English 



Unit 



foot (or mile) 

second (or hour)__ 
weight of 1 pound 

horsepower 

miles per hour 

feet per second 



Abbrevia- 
tion 



ft. (or mi.) 
sec. (or hr.) 
lb. 



hp. 

m.p.h. 
f.p.s. 



2. GENERAL SYMBOLS 



W, Weigh t=mg 

g, Standard acceleration of gravity = 9. 80665 
m/s 2 or 32.1740 ft./sec. 2 
W 

m, Mass= — 

g * 
I, Moment of inertia=m& 2 . (Indicate axis of 

radius of gyration k by proper subscript.) 

/i, Coefficient of viscosity 



?, Kinematic viscosity 

p, Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-nr 4 -s 2 

15° C. and 760 mm; or 0.002378 lb.-ft." 4 sec. 2 
Specific weight of "standard'' air, 1.2255 kg/m 3 

0.07651 lb./cu. ft. 



at 



or 



3. AERODYNAMIC SYMBOLS 



ft 

o, 

b, 
c, 
b 2 
S' 

v, 
%, 

L, 
D, 
D 0 , 

Du 
D„, 
C, 
B, 



Area 

Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure =ht>V 2 

Lift, absolute coefficient C L = 



Drag, absolute coefficient C D =^ 



D 0 



Profile drag, absolute coefficient ^o = ^§ 
Induced drag, absolute coefficient @Di = ^j 
Parasite drag, absolute coefficient @D p —^j 

(j 

Cross-wind force, absolute coefficient Cc = ^g 
* Resultant force 



Q, 
a, 



VI 



c P 



«0) 



Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where Z is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C, the cor- 
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 

Angle of downwash 

Angle of attack, infinite aspect ratio 

Angle of attack, induced 

Angle of attack, absolute (measured from zero- 
lift position) 
Flight-path angle 
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SUMMARY 

nd-tunnel tests are reported of six 3-blade 10-foot 
propellers operated in front of a liquid-cooled engine 
nacelle. The propellers were identical except for blade 
airfoil sections, which were: Clark Y, R. A. F. 6, N. A. C. 
A. 4400, N. A. C. A. 2400-34, N. A. C. A. 2R 2 00, 
and N. A. C. A. 6400. The range of blade angles investi- 
gated extended from 15° to 40° for all propellers except 
the Clark Y,for which it extended to 45° > 

The results showed that the range in maximum efficiency 
between the highest and the lowest values was about 3 per- 
cent. The highest efficiencies were for the low-camber 
sections. An analysis of the results indicated that blade 
sections for controllable propellers which are not limited in 
diameter should be selected chiefly on a basis of minimum 
drag (which affects maximum efficiency) inasmuch as the 
maximum lift coefficients had only a small effect on thi 
take-off characteristics within the range investigated 
because stalling, in general, did not occur. Sections for 
fixed-pitch propellers should be selected on a basis of both 
minimum drag and maximum lift, particularly for blade- 
angle settings of 20° and over, because the take-off thrust 
power increased with maximum lift for the higher blade 
angles. 

INTRODUCTION 

The Clark V and the K. A. V. 6 airfoil sections have 
been standard in the design of propellers in this country 
for ninny years. The R. A. F. 6 section was favored in 
early designs but has given way to the Clark Y section 
more recently, particularly for metal controllable pro- 
pellers. The relative merits of the two sections for 
propeller use have been fairly well established by both 
high-speed airfoil and full-scale propellei tests. The 
airfoil tests reported in reference 1 showed the Clark Y 
section to have a lower minimum drag and a lower 
maximum lift than the R. A. F. 6 section, which indi- 
cates that a propeller with the Clark Y section would be 



superior for the high-speed or cruising conditions but 
inferior for take-off with fixed-pitch propellers. The 
propeller results of reference 2 qualitatively sub- 
stantiate the airfoil results. The principal physical 
difference between the two sections is the shape of the 
mean camber lines; the camber line of the R. A. F. 6 
section is higher than that of the Clark Y, particularly 
for the nose parts of the sections. 

The present investigation was made to determine the 
aerodynamic qualities of six propellers having different 
sections. The Clark Y and the R. A. F. 6 sections were 
included for comparative purposes. Two of the other 
propellers were designed by the Bureau of Aeronautics, 
Navy Department; the N. A. C. A. 4400 series section 
was used for one, and the N. A. C. A. 4400 series section 
was used for the inner half of the other, t he N. A. C. A. 
2400-34 series section being used for the outer half. It 
may be noted in reference 3 that the N. A. C. A. 4409 
section (used at 0.75 propeller radius) has a high 
C Lmax and a fairly low C Dm{9 and is therefore a good 
compromise between the Clark Y and the K. A. F. 6 
sections. In reference 4 the N. A. C. A. 2409-34 section 
is recommended for propellers, particularly because of 
its low C Dmin and delayed compressibility stall at high 
speeds. The section is best suited for only the tip 
sections of propellers, however, because the C Lmar is 
low at moderate speeds. 

In addition to the four propellers described, there 
were designed at the N. A. C. A. laboratory (wo addi- 
tional propellers that incorporated sections of extreme 
characteristics. One propeller has sections of the low- 
camber N. A. C. A. 2R 2 00 series, which lias a low 
C Dmin and a low C Lmnr ; the other propeller has the liigh- 
camber N. A. C. A. 6400 series section, which has a 
high C Dmin and a high C Lmni . (See reference 3.) 
Tests of these propellers were added to the program to 
increase the known range of the propeller character- 
istics that are dependent upon the amount of section 
camber present. 

l 
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APPARATUS AND METHODS 

Since the description of reference 5 was written, the 
propeller-research tunnel has been modified to the 
extent of installing an electric motor to drive the tunnel 
propeller and of replacing the balance with a more 




Figure 1.— Liquid-cooled engine nacelle. 

modern one capable of simultaneously recording all 
the forces. 

A 600-horsepowcr Curtiss Conqueror engine (G1V- 
1570) was used to drive the test propellers. The 
engine was mounted in a cradle dynamometer free to 
rotate about an axis parallel to the propeller axis and 
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Figure 2— Photograph showing the plan form of all the propellers tested. 

located at one side of tin 4 engine. The torque reaction 
was transmitted from the other side of the engine to 
recording scales located on the floor of the test chamber. 
The propeller speed was measured by a calibrated 
electric tachometer. 

The engine was housed in a nacelle representative 
of the type used for liquid-cooled engines. (See fig. 
L) The nacelle is oval in cross section. i:> inches in 



height, 38 inches in width, and 126 inches in length. 
A scale drawing of the nacelle is given in reference 6. 

All six propellers tested have three blades, are 10 
feet in diameter, and are identical in shape except for 
blade sections. Table I gives the principal physical 
characteristics of the propellers tested. 

Table I 



Propeller (Bureau 

of Aeronautics, 
Xavy Department 
drawing No.) 


Blade airfoil section 


Camber 
(percent 
chord) 


Position of 
maximum 
camber (per- 
cent chord) 


5868-9 


Clark Y 


1 2.6 
i 4.0 
4.0 
4.0 
2.0 

2.0 
6.0 


40 
30 
40 

} 40 

30 
40 


5868-R6... 


R. A. F. 6 

N. A. C. A. 4400 series 


6623- A 


6623-B 


(N. A. C. A. 4400 series inner half 
• N\ A. C. A. 2400-34 series outer 
I half. 

N. A. C. A. 2R 2 00 


6623-C 


6623-D 


N. A. C. A. 6400 







1 For the 0.75 radius station only. 
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Figure 3.— Blade-form curves for all propellers tested. J), diameter; H, radius to 
the tip; r, station radius; 6. section chord; h, section thickness; p, geometric pitch. 

Throughout this report, the propellers will he individ- 
ually referred to according to their sections or grouped 
according to camber ratio. Propeller 6623— B, for 

example, will he designated the \ . A. C. A. 2400-34 

propeller. 

Figure 2 shows the plan form of the blades; the blade- 
form curves are given in figure 3. 
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It may be noted that the geometric pitch is different for 
all of the propellers except for the 5868-9 and the 5868-R6. 
The propellers of N. A. C. A. section were designed with 
the blade angle of each section, measured from the angle 
for zero lift, the same as for propeller 5868-9. As a 
result of this method of design, all the propellers have 
the same effective pitch distribution along the blade 
but, of course, the pitches measured with respect to the 
chord lines are different. 

Ordinate* for the (Mark Y and the R. A. F. 6 propel- 
ler sections are given in table II and those for the four 
propellers with the N. A. C. A. sections are given in 
table III. The outlines of each blade section for the 
0.70 radius are given in figure 4. 

The method of testing in the propeller-research tunnel 
consists in maintaining the propeller speed constant and 
increasing the tunnel speed in steps up to the maximum 
value of 115 miles per hour. Higher values of V/nD 
are obtained by reducing the engine speed until zero 
thrust is reached. Complications arising from com- 
pressibility were avoided by running the tests at tip 
speeds of 525 feet per second and less. The standard 
initial testing propeller speed of 1,000 r. p. m. could not 
be maintained for the higher blade-angle settings, owing 
to the limitation of engine power; the following schedule 
was therefore adhered to: 

Propeller speeds for tunnel speeds below 115 miles per hour 

Initial propeller speed, 
Blade angle, deg. r.p.m. 

15 1, 000 

20 1,000 

25 800 

30 800 

35 800 

40 700 

45 700 

For V/nD values higher than can be obtained from the 
foregoing schedule, the approximate test propeller speed 
may be computed from the relation 

r - P- m= Vj^D 

where #=1,000 for V—115 miles per hour and I) = 10 
feet. 

RESULTS AND DISCUSSION 

The results are reduced to the usual coefficients of 
thrust, power, and propulsive efficiency defined as: 



effective thrusl T AP 



pn 2 D* 
engine power 

" P n 3 D 5 
C T V 



prcD* 



v ~C P nD 



where 



T is tension in propeller shaft, pounds. 
AT?, increase in body drag due to slipstream, pounds, 
p, mass density of the air, slugs per cubic foot. 
n, propeller rotational speed, revolutions per second. 
D, propeller diameter, feet. 



Clark Y section, propeller 5868-9. 



R. A.F. section, propeller 5860-R6. 



N.A.C.A. 4400 series, propeller 6623-A ; also 
inner half of propeller 6623-B. 



N.A.C.A. 2400-34 series, outer half of 
propeller 6623'B. 



N.A.C.A. ZR z 00 series, propeller 6d23~C. 



N.A.C.A. 6400 series, propeller 6623'D. 
Figure 4— Blade sections drawn to scale for the 0.70 radius. 

Charts for selecting or designing propellers are given 
in the form of C s against n and V/nD, where <7,= 
J P V 5 /Pn 2 . 

The procedure of plotting lines of constant thrust 
with respect to the power is now standardized and 
facilitates calculating the thrust at all air speeds for 
controllable and fixed-pitch propellers. The outline 
of the method is given in reference 6. 

The basic results are presented in the form of curves 
in figures 5 to 28; comparisons and derived data are 
given in figures 29 to 42. The test results have been 
tabulated in six tables and are available on request from 
the National Advisory Committee for Aeronautics. 
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Figure 5.— Power-coefficient curves for propeller 5868-9 (Clark Y section). 





2.8 



Figure 7— Thrust-coefficient curves for propeller 58G8-9 (Clark Y section). 



6 



REPORT NO. 650— NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 




0 .5 1.0 1.5 2.0 2.5 3 0 3.5 

C. 

Figure 8— Design chart for propeller 5808-9 (Clark Y section). 
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Figure 9.— Power-coefficient curves for propeller 5868-RG (R. A. F. 6 section). 
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Figure 13.— Power-coefficient curves for propeller 6623-A (N. A. C. A. 4400 section). 
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.36 
.34 



.32 




Figure ]7.-Power-coefficient curves for propeller 6623-B (N. A. C. A. 4400 section inner half; N. A. C. A. 2400-34 section outer half). 
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Figure 20.-Design chart for propeller 6623-B (N. A. C. A. 4400 section inner half; N. A. C. A. 2400-34 section outer half). 
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0 .5 1.0 1.5 2.0 2.5 3 0 3.5 

c 

Figure 24— Design chart for propeller 6623-C (N. A. C. A. 2R 2 00 section). 
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1.0 




0 .2 A .6 .8 1.0 1.2 /.4 /.6 /.8 2.0 2.2 2.4 2.6 2.6 

V/nD 

Figure 27— Thrust-coefficient curves for propeller 6623-D (NT. A. C. A. 6400 section) . 
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DISCUSSION 

Basic airfoil sections. — The thickness distribution 
and the camber lines for the six basic airfoil sections 
employed in the propeller designs are shown in figure 
29. The thickness distribution (fig. 29 (a)) is about 
the same for all sections with two exceptions. The 
leading-edge radius of the N. A. C. A. 2400-34 section 
is shorter and the Front portion is thinner than for the 
other sections; also, the point of maximum thickness 
occurs at 40-percent chord for the N. A. C. A. 2400-34 
section and at 30-percent chord for the other sections. 
These thickness-distribution differences account for the 
superior qualities of this section at high speeds; because 
the radii of curvature of the upper surface are large, 



N. A. C. A. 



M- 
N — 



4400 
2R e 00 
6400 
R.A.F.6 
Clork Yi 
N.A.C.A. 2400-34 




Clork Y 
R.A.F. 6 
N.A.C.A. 4400 



-- N.A.C.A. 2400-34 
--- N.A.C.A. 2R.00 
— N.A.C.A. 6400 - 




(a) Comparison of thickness-form curves. 

(b) Comparison of camber lines for 0.7572. 

Figure 29— Comparison of thickness-form curves and camber lines. The chord 
lines for the R. A. F. 6 and the Clark Y sections have been shifted to bring the 
leading and trailing edges of the camber lines together. 

the local induced velocities are kept small. Inasmuch 
as compressibility losses result from local velocities 
exceeding the velocity of sound, the critical speed for 
this section is delayed to higher values. The trailing- 
edge portions of the R. A. F. 6 and the Clark Y sections 
are slightly thicker than the others, hut this difference 
in thickness distribution of the sections is probably of 
small importance. 

Except for the thickness distribution of the N. A. C. 
A. 2400-34 section, the only essential physical differ- 
ences between the sections are the shapes of the mean 
camber lines. The camber lines for the N. A. C. A. 
sections are mathematically derived curves and the 
camber ratios remain the same for all thickness ratios. 
Tn the design of the present propellers of N. A. C. A. 



section, the blade sections at different radii are thick- 
ened or thinned with respect to the basic section from 
the mean camber line, which remains constant. In 
contrast to this method, the Clark Y and the R. A. F. 
6 sections are thickened or thinned from the chord line, 
which is also the lower surface. The mean camber 
lines are thereby different for each section thickness, 
the amount of camber being proportional to the thick- 
ness. In order to avoid differences in effective pitch 
distribution for all the propellers, the section blade 
angles were corrected for differences in the angles for 
zero lift. 

The mean camber lines for the stations at 0.75 radius 
are plotted in figure 29 (b). Those for the R. A. F. 6 
and the Clark Y sections have been plotted with respect 
to lines passing through the intersections of the camber 
lines and the leading and trailing edges and not with 
respect to the chord lines. The general shapes of the 
mean camber lines are similar for all of the sections 
except for the R. A. F. 6 and the 2R 2 00 sections. The 
R. A. F. 6 section is characterized by the rapidly 
increasing camber at the nose of the section, and the 
camber line of the X. A. C. A. 2R 2 00 section is rellexed. 

The effect of the shape of the mean camber lines and 
the amount and position of maximum camber on the 
aerodynamic characteristics are fairly well established. 
In general, high cambers result in high values of 
C Lmai and C Dm{n while low cambers result in low 
values of both C Lmax and C Dmin . It is to be expected, 
therefore, that the maximum propeller efficiencies will 
reflect differences in the profile drag and that the 
efficiencies at low values of V/nD will reflect differences 
in maximum lift and in drag at high values of lift. In 
the selection of the sections, consideration was given to: 
the minimum drag, the maximum lift, the aerodynamic 
moment, and the speed at which the compressibility 
stall occurred. The N. A. C. A. 2R 2 00, the N. A. C. A. 
4400, and the N. A. C. A. 6400 sections constitute a series 
differing essentially in amount of camber and, conse- 
quently, display differences in G Dm{m and C Lmai . The 
N. A. C. A. 2R 2 00 section was chosen in preference to 
the N. A. C. A. 2400 section for the 2- percent-camber 
group because it has a lower G Dmin and it was thought 
that there might be some practical advantage in havhig 
a zero change in aerodynamic moment for controllable 
propellers. The N. A. C. A. 2400-34 section was 
selected because of its delayed compressibility stall. 

Comparison of propeller characteristics. — In order 
to study the influence that the different sections exert 
on the propeller characteristics, superposed sets of 
curves of the thrust, the power, and the efficiency are 
given for three pitch-diameter ratios for zero thrust 
(figs. 30, 31, and 32). The pitch-diameter ratios of 
0.82, 1.28, and 1.83 correspond to blade angles of 15°, 
25°, and 35°, respectively, for the Clark Y propeller. 
The blade angles for the other propellers are slightly 
different, as may be noted. 



AERODYNAMIC CHARACTERISTICS OF PROPELLERS HAVING DIFFERENT AIRFOIL SECTIONS 23 




24 



RLPORT NO. (•).",() NATIONAL ADVISORY COM M ITTLK FOR AKRON ATTIC'S 



.26 




0 .2 .4 .6 .8 t.O 1.2 1.4 1.6 A3 2.0 

V/nD 



Figure 31.— Comparison of typical power curves. 
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The important difference in the thrust characteris- 
tics (fig. 30) attributed to the different sections is the 
value of C T at which the blades stall. The propellers 
of 2-percent camber, the N. A. C. A. 2400-34 and the 
N. A. C. A. 2R 2 00 sections, stall at a C T value of about 
0.13; the propeller of 4-percent camber, the N. A. C. A. 
1400 section, stalls at about 0.1 o; and the propeller of 
6-percent camber, the N. A. C. A. 6400 section, at 
about 0.19. The curves indicate that the propeller of 
( lark Y section has an average camber ratio of about 
0.035 for the entire propeller, inasmuch as the stall is 
at a C T value of about 0.15. The average camber ratio 
is higher than that for the 0.75 radius station (0.026), 
probably owing to the fact that the inboard sections are 
all definitely more highly cambered while the outboard 



efficiency approaches the ideal for which the profile 
diag is zero. Also, the ideal efficiency is highest at 
zero thrust, which explains why the peak efficiencies 
occur at higher values of V/nD for the low-camber pro- 
pellers. This shifting of the peaks to higher values of 
V/nD for propellers of decreasing profile drag is of im- 
portance in design work. The closer the V/nD for peak 
efficiency approaches the V/nD for zero thrust, the 
smaller is the power coefficient and, consequently, the 
greater the diameter. The extreme condition is for a 
propeller with the ideal efficiency, i. e., maximum effi- 
ciency occurring at zero thrust and zero torque so 
that the diameter is infinite and the rotational speed 
zero. The significance of the diameter will be clari- 
fied by computations later in the report. 
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ones are only slightly less cambered. The propeller of 
R. A. F. 6 section has a higher average effective mean 
camber ratio than that of its 0.75 radius station for the 
same reason; it is 0.055 as compared with 0.040. 

The corresponding power curves are given in figure 
31. In the region where all the propellers are stalled, 
it may be seen that the high-camber propellers have 
lower power coefficients than the low-camber ones. 

The efficiency curves, given in figure 32, indicate the 
effect of profile drag on maximum efficiency. The pro- 
pellers of low camber display efficiencies about 3 per- 
cent higher than for the ones of high camber, and the 
peaks occur at higher values of V/nD. Both effects are 
attributed to the lower profile drags of the low-camber 
propellers. The lower the profile drag, the closer the 



2.0 



Figure 32— Comparison of typical efficiency curves. 

The efficiency curves also reflect the high-thrust and 
the low-drag values observed for the high-camber 
propellers operating at low values of V/nD. These 
differences in efficiency, however, do not necessarily 
represent true differences in thrust power available for 
either fixed-pitch or controllable propellers. In the 
case of a combination of a fixed-pitch propeller and an 
engine, differences in C Pq (design power coefficient) will 
determine differences in diameter, so that for a given 
take-off speed there will be differences in V/nD, 77, and 
also engine speed, N. The thrust horsepower available, 
if constant torque is assumed, is obtained from 

t, hp.= (b. hpOo-^ry 
where X 0 is the engine speed at the high-speed condition 
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(a) All propellers designed for maximum efficiency at high speed. 

(b) All propellers have same diameter for a given C. (Clark Y propeller used as 

standard). 

Figure 33.— A comparison of propellers for the high-speed and take-off flight con- 
dition. Take-off criterion, F=0.25V mo *. 



of flight. In the case of controllable propellers, the pitch 
is adjusted to maintain C Pq and N 0 constant so that 
different propellers will be set at different blade angles 
for the same V/nD or air speed. In order to show the 
effect of the different blade sections on performance, the 
thrust power available is computed and will be dis- 
cussed later for both fixed-pitch and controllable 
propellers. 

Effect of blade section on the performance of engine- 
propeller combinations. — Any conclusion drawn from 
comparisons of relative engine-propeller performance 
depends somewhat on the methods employed in the 
analysis. If each propeller is selected for maximum 
efficiency at high speed, the diameters of the various 
propellers will be different, depending upon the design 
power coefficient, C PQ) which in turn depends on the 
V/nD for peak efficiency. The differences in diameters 
will have a large effect on the efficiency at the take-off 
condition; for controllable propellers the larger the 
diameter, the higher the efficiency. If the V/nD for 
peak efficiency could be determined with uniform ac- 
curacy for all propellers, the comparison would be a just 
evaluation of the relative merits, compressibility or 
tip-speed effects due to the differences in diameters 
being neglected. 

If the propellers are compared on a basis of equal 
diameters for a given design condition, all the propellers 
will not operate quite at peak efficiency at high speed. 
The high-camber propellers will operate beyond the 
peak and the designs will be, in effect, "compromises" 
because the take-off efficiencies for controllable propel- 
lers, at least, will be increased thereby. The constant- 
diameter method has the advantage of comparison at 
equal tip speeds, and the airplane structural limitations 
on the diameter are often the determining factor. 

As neither method is entirely satisfactory and both 
have their merits, computations have been given for 
each. In some instances the results appear to be con- 
tradictory but, if the methods are w^ell Understood, a 
reasonable interpretation can be made. 

In figure 33 (a) the propellers are compared on the 
basis of maximum efficiency for high speed. Curves 
are given for high-speed efficiency, for take-off efficiency 
for controllable propellers of the constant-speed type, 
and for take-off efficiencies for fixed-pitch propellers, all 
for a wide range of design conditions (values of design 
C s from 1.0 to 2.5). The take-off criterion is assumed 
to be the thrust power available at a speed equal to 0.25 
of the high speed of landplanes. This value corre- 
sponds to 0.7 of the take-off speed for airplanes having 
a speed ratio of high speed to take-off speed of 2.8. It 
can be shown that 0.7 of the take-off speed is the best 
single point for comparing take-off thrust as that point 
represents the approximate center of the area of the 
graphically integrated diagram of take-off run of most 
airplanes represented by ftdv, where t and v represent 
time and velocity, respectively. 
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In the computation of the take-off thrust power, the 

engine torque is assumed to be equal to the torque at 

high speed. The engine speeds are assumed to remain 

constant for the controllable propellers but to decrease 

for the fixed-pitch propellers in the take-off condition, 

according to the relation 

N 

==^Cp o /(7 p 

Although the percentage of thrust power available also 
represents propulsive efficiency for the controllable 
propellers, it represents r}(N/A r 0 ) for the fixed-pitch 
propellers. 

The greatest difference in maximum efficiency is about 
3 percent ; the highest efficiencies are for the low-camber 
propellers. 

It seems strange Eha1 the controllable propellers of 
low and medium camber would also excel for the take- 
off condition. This paradox is explained by the residts 
presented in table IV. The low-camber propellers are 
designed with larger diameters than the high-camber 
ones and, in order to absorb the same power at the 
take-off, are set to lower blade angles for which the 
efficiency is higher. 

The high-camber propellers are definitely superior for 
fixed-pitch propellers set at high blade angles. The 
reason is quite obvious. (See figs. 30, 31, and 32.) The 
stall is delayed to higher angles of attack, i. e., to lower 
values of V/nD, and the gain in efficiency due to the 
lower drag and the higher lift of the sections is quite 
pronounced. The decrease in engine speed also plays a 
prominent part in the available thrust powder, as is shown 
in table IV. The high-camber propellers are designed 
to operate at higher values of C P(] than the low-camber 
ones. The higher the C Pq) the less is the increase in ( V 
for take-off and, consequently, the less is the drop in 
rotational speed. The stalling characteristics of the 
propellers do not enter the problem for low blade angles 
so that there is less choice of section for low design 
C 8 conditions. 

In figure 33 (b) the propellers are compared on a basis 
of equal diameters for given values of C s . The propeller 
of (Mark Y section is taken as the standard because it 
is of medium camber. The diameters of the low-camber 
propellers are slightly decreased from the previous 
comparison and those for the high-camber ones are in- 
creased. The high-speed efficiences are slightly differ- 
ent from the maximum values but the order of merit is 
the same. 

The order of take-off efficiencies for the controllable 
propellers is changed. The high-camber propellers are 
about equal, in general, to the medium-camber ones, 
and the low-camber ones have the lowest efficiencies. 
The medium-camber and the high-camber propellers 
are about equal in this comparison because neither type 
exceeds the stall for the take-off criterion (see table V); 
the superior stalling characteristics of the high-camber 



propellers are, of course, not utilized. The high-camber 
propeller is slightly superior at a C s value of 2.5, which 
shows that its stalling characteristics are beginning to 
be utilized and, for higher C s values, they should be 
definitely superior. The high-camber propellers would 
have been superior at lower values of C s if the diameters 
had all been smaller. For example, if the propeller of 
R. A. F. 6 section had been assumed to be the standard 
of comparison instead of the propeller of Clark Y 
section, the high-camber propellers would have excelled 
at C s values above 1.5. 

Large differences in take-off thrust power are evident 
for the various fixed-pitch propellers. This comparison 
is the closest representation given of a pure efficiency 
comparison because the take-off 0 P has about the same 
value for all propellers; they therefore all have about 
the same drop in engine speed. The results given in 
figure 32 show the same order of merit in the take-off 
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Figure 34.— Comparison of propellers of Clark Y and R. A. F. 6 section of two thick- 
ness ratios for the take-olT condition. \'=0.25\' maI , controllable operation; all 
propellers have the same diameter. 

range as the comparison in figure 33 (b); both methods 
indicate the superiority of high-camber propellers for 
medium and high blade-angle design conditions. 

Effect of thickness. In reference 6, comparisons 
were made between propellers of three different sec- 
tions: Clark Y, R. A. F. 6, and N. A. C. A. 2400-34. 
The propellers were thinner than the present ones 
(h/b = 0. 07 at 0.75R as compared with /</6 = 0.09). In the 
former comparison, based on controllable propellers of 
equal diameter, the propeller of R. A. F. 6 section was 
best for take-off, while the present tests indicate the 
propellers of Clark Y and R. A. F. 6 sections to be about 
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Figure 35.— Airfoil characteristics of propeller sections computed from the 0.70/2 
station. Blade augle, 25° at 0.75/2. 

equal. It is reasonable to assume that the differences 
in relative efficiency are due to the differences in thick- 
ness of the two sets of propellers. Figure 34 shows that 
the propeller of Clark Y section improves in take-off 
efficiency with increasing thickness whereas the pro- 



peller of R. A. F. 6 section does not. It is well known 
that C hmiiZ increases with airfoil thickness and camber 
up to a limit. As the R. A. F. 6 section has a higher 
camber than the Clark Y, it seems logical that it would 
reach its C Lmax limit at lower values of thickness. 
Reference 2, which is a more general study of the effect 
of blade thickness, seems to substantiate this contention. 

The N. A. C. A. section propellers are not so sensil Lve 
to change in thickness because the camber is not a 
function of thickness. 

Lift and drag coefficients reduced from propeller 
results. — In reference 7, Lock presents two methods of 
reducing propeller characteristics to airfoil results and 
vice versa. In one method, computations are made for 
six blade elements and the thrust and the torque grading 
curves are integrated. The second method is based on 
only a single radius, the assumption being that the shape 
of the grading curves remains constant so that a con- 
stant integrating factor is used. This method is further 
simplified by the use of charts so that a propeller may be 
analyzed within an hour. 

Lift and drag curves derived by the single-radii is 
method are plotted against angle of attack in figure 35 
for the six propellers with a blade-angle setting of 25° 
at 0.75R; polar curves are given in figure 3G. The 
results for only one blade angle are analyzed. The 
tests from which these curves are derived were made the 
same day under apparently identical conditions and are 
therefore considered to be relatively more accurate than 
for the whole series; the estimated precision is within 
0.5 percent for y\ maz . 
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Figure 30— Polar airfoil section characteristics reduced from propeller results. V'/\' e -0.46 (approximately); blade angle, 25° at 0.75J2. 
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Of interest are C Dmini C Lmux , and C D at high values 
of The sections of 2-percent camber show values 
of C Dmin of about 0.01; the sections of 4-percent camber 
show values of about 0.017; and the section of 6-percent 
camber shows a value of about 0.02. The propeller of 
R. A. F. 6 section, which has a camber line (see fig. 29) 
different from the other sections, shows the highest 
C Dmin) 0.022. The 2-percent sections show values of 
C Lmax of about 1.1; the 4-percent section, of about 1.3; 
and the 6-percent section, of about 1.5. 

Lift and drag coefficients are of little value in deter- 
mining the relative merits of the airfoil sections for 
propellers unless their quantitative importance is deter- 
mined. The influence of C D at rj ma x (approximately 
C Dmin ) on rimax is given in figure 37 for the propellers 
when set at a blade angle of 25° at 0.75R. Large 
changes in C D are seen to affect t\ max only a small 
amount. Reducing C D from 0.02 to 0.01 increases 
rjmax only 3 percent. By extrapolation, if the drag could 
be reduced to zero, the r) max would be increased only to 
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Figure 37.— The influence of the blade drag coefficient on the maximum propulsive 
efficiency. Blade angle, 25° at 0.75R. 

0.895, which is only a few percent below the ideal for 
this condition. (The ideal efficiency neglects profile 
drag, hub drag, body slipstream drag, rotational losses, 
tip losses, blade interference, etc.) This result indicates 
that the possibilities for improving t\ max by reducing the 
profile drag of the sections are very limited; the maxi- 
mum increase is probably not more than 1 or 2 percent 
above that for the present-day standard sections. It 
should be emphasized that figure 37 applies only to a 
blade-angle setting of 25°. For higher angles up to 
about 45°, according to the simple blade-element 
theory, C D would have a slightly smaller influence on 

Vrnax- 

A direct relationship does not always exist between 
C Lmax and take-off efficiency because in many cases the 
stall is not reached. Fixed-pitch propellers set at 
blade angles below about 20° (the approximate blade 
angle for stalling at zero air speed) and some control- 
lable propellers set at angles as high as 30° do not stall 



during the take-off run. Probably some indirect rela- 
tionship exists, however, between C Lmax and the take- 
off efficiency because of the drag at high angles of 
attack associated with sections of different camber. 

The relationship between the C Lmax and the take-off 
efficiencies of controllable and fixed-pitch engine-pro- 
peller combinations is given in figure 38. In figure 
38 (a) the analysis is based on propellers designed for 
rj maX} the data being taken from figures 33 (a) and 35. 
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(a) All propellers designed for maximum efficiency at high speed. 

(b) All propellers have same diameter for a given C, (Clark Y propeller used as 

standard). 

Figure 38— Relationship between C Lmax and the propeller characteristics for the 
take-off condition. Take-off criterion, V=0.25V maz . 

It may be seen that increasing values of C Lmilx are asso- 
ciated with a slightly decreasing take-off thrust power 
of controllable propellers. This trend, as previously 
explained, is due to the different take-off blade settings 
necessitated by the differences in diameter. 

The trend of take-oil" thrust power increases with 
increasing C Lmax for the fixed-pitch propellers set at 
moderately high blade angles but not for the low blade- 
angle settings because the blades are never stalled. 
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In figure 38 (b) a similar analysis is presented for 
propellers having equal diameters, the material being 
taken from figures 33 (b) and 35. In this example, 
increasing values of C Lfnax are associated with an in- 
creasing take-off thrust power of controllable propellers 
for only the low C L range and the high design C s values. 
The high-pitch low-camber propellers are the only 
ones exceeding the stall at the take-off, as previously 
pointed out. Had the diameters of all propellers been 
smaller, more propellers would have exceeded the sin II 
and the advantage of a high lift coefficient would be 
more general. 

The advantage of high lift coefficients for fixed-pitch 
propellers is definite over the entire range investigated : 
it is more definite, however, for the high blade angles 
than for the low ones. The take-off thrust is increased 
an average of 1 percent for each 1 percent increase in 
CL max for C s values of 1.5 and over. 

Effect of compressibility.— In the tests reported in 
reference 8 it was noted that propellers of R. A. F. 6 
section were more affected by compressibility in the 
take-off and climbing range than those of Claris V 
section. It is reasonable to assume that the other 
propellers would likewise display differences. Of the 
sections incorporated in the present propellers, the 
Clark Y, the R. A. F. 6, and the N. A. C. A. 2409-34 
have been tested as airfoils in the N. A. C. A. high- 



speed wind tunnel and the results are given in figure 
39 (from references 1 and 4). The low-speed results, 
V/V c =0A0, correspond approximately to the present 
results. It may be noted that the curves from these 
tests of low r -speed airfoils check in a relative way the 
airfoil curves derived from the propeller results. 

In the airfoil curves for high speed (V/V c =0.80, 
fig. 39), it may be noted that the values of the mini- 
mum drag coefficient of the N. A. C. A. 2409-34 sec- 
tion was doubled, the Clark Y tripled, and the R. 
A. F. 6 nearly tripled by doubling the air speed. If 
till the elements were traveling at 0.80V C , the maxi- 
mum efficiency of the propeller of N. A. C. A. 2400-34 
section would be expected to drop about 3 percent, 
that of Clark Y section about 9 percent, and that of 
R. A. F. 6 section about 8 percent, judging by the 
effect of drag on rj maX} as shown in figure 37 for the 25° 
blade-angle setting. Fortunately, only the tip ele- 
ments are affected so the loss is much less. 

For the 2-blade propeller of R. A. F. 6 section turn- 
ing at 1,800 r. p. m. (V/V c =0.83), the loss in peak 
efficiency is only about 1 percent (within the experi- 
mental error) (fig. 40), which means that very little 
area at the tips is affected. These results have been 
translated into airfoil results and are shown in figure 
41 for the purpose of comparison with the high-speed 
results shown in figure 39. Some idea of the blade 
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Figure 39 —Characteristics of three airfoils at two air speeds as measured in the N. A. C. A. 11-inch high-speed tunnel (from references 1 and 4). 
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area affected may be obtained by referring to figure 
42 wherein C D is plotted against V/V c (which is also 
a function of propeller radius, assuming only rota- 
tional velocity). If consideration is given to the 
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FIGURE 40. Effect of compressibility on the characteristics of an K. A. F. f> propeller 
(from reference 8). 

thrust distribution over the blade, which falls off near 
the tip, it is readily seen why the propeller of the 
R. A. F. 6 section loses so little in peak efficiency owing 
to compressibility. 

It is pointed out in reference 4 that the N. A. C. A. 
2400-34 series section is superior at high speeds to the 
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Figure 41.— Airfoil section characteristics reduced from propeller results. Two- 
blade propeller of K. A. F. (i section; blade angle, 15° at 0.75/? (from refer- 
ence 8) . 

commonly used propeller sections and the curves that 
are herein reproduced in figure 39 are given as evidence. 
As a result of the recommendations of reference 4, 
propeller 6623-B was designed with the N. A. C. A. 
2400-34 series section for the outer half. This pro- 
peller was not tested at high tip speeds because the 
propeller of R. A. F. 6 section showed scarcely any 



decrease in peak efficiency; it was concluded that any 
compressibility effects of the propeller of N. A. C. A. 
2400-34 section could not be measured at ri max with 
the present test set-up. 

Figure 42 shows the relative blade area affected by 
compressibility for the propellers of R. A. F. 6 and 
N. A. C. A. 2400-34 sections. It appears that the 
tip speed must be at least 0.90 V c before compressi- 
bility effects at t] max could be measured on the pro- 
peller of N. A. C. A. 2400-34 section, and then the 
loss would probably amount to not more than 1 per- 
cent, judging by the results for the R. A. F. 6 section 
for a tip speed of 0.83 V c . The results of reference 9 
also show that no loss in peak efficiency occurs up to 
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Figure 42.— Effect of compressibility on the drag of two sections when working at 
lift coefficients for maximum propeller efficiency (from reference 4). Blade area 
appreciably affected by compressibility for a tip speed equal to 0.83 Vc. 

tip speeds of 0.85 or 0.90 V c for the standard propeller 
sections. 

Tests of the propellers with the N. A. C. A. sections 
at high tip speeds for the take-off and climbing condi- 
tions are planned. It is not anticipated, however, 
that the condition of high tip speed will materially 
alter the relative merits of the sections for the take-off 
condition because: First, only the tip sections ordinarily 
operate at high speeds; and, second, compressibility 
tends to equalize the characteristics of different airfoils 
at high angles of attack rather than to accentuate any 
differences. Figure 39 indicates that all airfoil sections 
have about the same C Lfnux at 0.80F C . This result 
was also found to be substantially true for propellers. 
In reference 8 it is [jointed oul that, although the 
propellers of K. A. F. 0 section lost more in take-off 
efliciency owing to compressibility than those of Clark 
Y section, the efficiency at low tip speeds was higher; 
consequently, the efficiencies tended to equalize at 
high tip speeds. 
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CONCLUSIONS 

1. The difference in maximum propulsive efficiency 
for propellers of different sections amounted to about 
3 percent. The highest efficiencies were for the pro- 
peller sections of low mean cambers, as may be noted 
from the order of merit: N. A. C. A. 2400-34, Clark 
Y, N. A. C. A. 2R 2 00, N. A. O. A. 4400, R. A. F. 6, 
and N. A. C. A. 6400. 

2. The difference in take-off efficiency for controllable 
propellers varied from 2 to 8 percent, depending upon 
the section, the design C s value, and the method of 
comparison. Based on propellers of the same diameter, 
the order of merit of the sections, in general, was: 
ft. A. F. 6, N. A. C. A. 4400, Clark Y, N. A. C. A. 
6400, N. A. C. A. 2R 2 00, and N. A. C. A. 2400-34. 
Based on propellers of which the diameters were those 
giving maximum efficiency at high speed, the order of 
merit of the sections, in general, was: N. A. C. A. 
2R 2 00, Clark Y, N. A. C. A. 4400, N. A. C. A. 2400-34, 
R. A. F. 6, and N. A. C. A. 6400. 

3. The difference in take-off efficiency for fixed- 
pitch propellers varied through wide limits. Based 
od cither method of comparison, the order of merit 
was: R. A. F. 6 or N. A. C. A. 6400, N. A. C. A. 
4400, Clark Y, N. A. C. A. 2R 2 00, and N. A. C. A. 
2400-34. 

4. The tests indicated that blade sections for con- 
trollable propellers not limited in diameter should be 
selected almost entirely on a basis of minimum drag, as 
the maximum lift coefficients had only a small effect on 
the take-off characteristics within the range investi- 
gated, because The stall, in general, did not occur. 

5. The tests indicated that blade sections for fixed- 
pitch propellers should be selected on bases of both 
minimum drag and maximum lift, particularly for blade- 
angle settings of 20° and over. For propellers of equal 
diameters, the increase in take-off thrust was propor- 
tional, in general, to the maximum lift. 

6. A comparison of Clark Y and K. A. P. 6 sections 
of different thickness ratios for controllable propellers 
of fche same diameter indicated thai thin (h/b = 0.07) 
propellers of K. A. F. C> section were superior at take-off 
to thin propellers of Clark Y section, but that thick 



(h/b = 0.09) propellers of Clark Y section were equal to 
those of R. A. F. 6 section, either thick or thin. 

7. Tests already reported on the effect of compressi- 
bility indicate that no correction need be applied to the 
maximum efficiency of the present results for tip-speed 
values of V/V c up to 0.80 or 0.90. Although corrections 
should be applied to the take-off characteristics for 
somewhat lower tip-speed values, the results show that 
compressibility tends to decrease any differences be- 
tween propellers of different section. The present tests 
probably show thv correct order of merit even up to tip 
speeds of 0.90 V c . 



Langley Memorial Aeronautical Laboratory. 
National Advisory Committee for Aeronautics, 
Langley Field, Va., March 23, 1988. 
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AERODYNAMIC CHARACTERISTICS OF PROPELLERS HAVING DIFFERENT AIRFOIL SECTIONS 

Table II 

CLARK Y AND R. A. F. 6 BASIC PROPELLER SECTIONS 




h = fh m, 



Section. 


Clark Y 


R. A. F. 6 


d/b 


hi/h 


hi/h 


hi/h 


0 


0. 2950 


0. 2950 




.025 


.5490 


.1281 


0.41 


.05 


. 0625 


.0811 


.59 


.1 


.8055 


.03*1 


.79 


.2 


.9570 


.IM)S5 


.95 


.3 


.9950 


0 


1.00 


.4 


.9830 


0 


.99 


.5 


. 9280 


0 


.95 


.6 


.8290 


0 


.87 


.7 


.6835 


0 


.74 


.8 


.5210 


0 


.56 


.9 


. 3375 


0 


.35 


L. E. radius 


0.13 




.10 


T. E. radius 


.08 




.07 


h e 


.416 h 


. 421 h 


b. 


. 4405 6 


.4469 6 


An -a 


. 7245 bh 


. 738 bh 


I major 


.0418 b*h 


. 0446 b*h 




. 0454 663 


. 0464 bh* 



Table III 

X. A. C. A. BASIC PROPELLER SECTIONS 




-d 

— 6 



(h\ + h 2 ) m nr = h; 6i and 6 2 arc measured perpendicular to the tangent of the mean line 



Section 


1400 


2400-34 


2Rs00 


6400 




0/6 


h ] Jh = h 2 /h 


o/6 


hslh = hlh 


a/6 


ftl/A-Al/A 


a/6 


fti/ft-At/fl 


0. 025 


0. 00484 


0. 2179 


0. 00242 


0. 140 


0. 00361 


0. 2179 


(>. 00727 


0.2179 


. 05 
.1 


. 00887 


.2962 


(MM69 


.208 


.00681 


. 2962 


.01406 


. 2902 


.01750 


.3902 


.00875 


.304 


.01201 


.3902 


.02(12') 


. 3902 


.2 


. 03000 


4781 


.01500 


.425 


.01833 


. 17S1 


.04500 


.4781 


.3 


. 03750 


.5001 


.01875 


.484 


.01999 


.5001 


. 05625 


.5001 


.4 


. 10000 
.03SS9 


. 4N30 


. 02(KK) 


.500 


.01821 


.4836 


. 06000 


.4836 
.4411 


.5 


.4411 


.01944 


.486 


.01414 


.4411 


.05834 


.6 


.03 -)->»; 


.3803 


.01778 


.443 


.06930 


. 3803 


. 05333 


. 3803 


.7 


. 03000 


. 3053 


.01500 


.373 


.03710 


.3053 


.04501 


. 3053 


.8 


.02222 


. 2186 


.(Mill 


.277 


-.00024 


.2186 


. 03334 


.2 ISO 


.9 


.01222 


. 1206 


.00611 


. 156 


-.00187 


. 1206 


.01X31 


. 1206 


1.0 


0 


.0105 


0 


.010 


0 


.0105 


0 


.0105 


L. E. radius/ft 


1. 1 (ft/6) 2 


0. 275 


Ihfb) 2 


1.1 (A/6)> 


1. 1 (6/6) 2 


tan <p 


0. 200 




0. 100 




0. 153 




0. 300 




be 


.426 




.466 




.426 




.426 




hr 


.03136 


.01726 


.01266 


. 04736 
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Table IV 



PERFORMANCE OF PROPELLERS HAYIXC DIAMETER FOH MAXIMIM EFFICIENCY AT HIGH SPEED 



Propeller 


Section 


Desi n 

c. 


High speed 


Take-off, controllable, 
pitch 


Take-off, fixed pitch 


V 
nD 


Diam- 
eter 
(ft.) 


Blade 
angle 
(deg.) 


v maz 


V 


Blade 
angle 
(deg.) 


V 


V 
nD 


Blade 
angle 
(deg.) 


V 


N 
No 


\ -> 0/ 


5868-9-.- 


Clark Y 


1.0 


0. 505 


10 


13.2 


0. 766 


0. 126 


10.8 


0. 307 


0. 151 


13.2 


0. 340 


0. 835 


0.284 






1. 5 


. H52 


10 


21.9 


. S4N 


.213 


15.4 


.428 


.282 


21.9 


.411 


.757 


.311 






2.0 


1.213 


10 


29. 1 


.861 


.304 


19.3 


.500 


.437 


29. 1 


.397 


. 693 


.275 






2.5 


1.598 


10 


36.1 


.850 


.400 


22.7 


.548 


.595 


36.1 


.403 


.670 


.270 


5868-R6 


R. A. F. 6.... . ... 


1.0 


.553 


9. 14 


16.4 


.763 


. 138 


13.9 


.312 


. 157 


16.4 


.320 


.877 


.280 






1.5 


.935 


9. 12 


25.7 


.830 


.234 


20.7 


.400 


.273 


25.7 


.384 


.855 


.328 






2. 0 


1.282 


9.47 


31.6 


.843 


. 320 


22.8 


.480 


.410 


31.6 


.419 


.781 


.327 






2. 5 


1.705 


9. 37 


38.8 


.828 


.426 


28.2 


.521 


.560 


38.8 


.390 


.761 


.297 


6623- A 


N. A. C. A. 4400 


1.0 


. 553 
.889 


9. 14 


16. 4 


. 771 


. 138 


13. 9 


. 312 


. 157 


16. 4 


. 320 


. 878 


. 281 






1. 5 


9.59 


23.3 


.837 


.222 


17.5 


.415 


.271 


23.3 


.401 


.820 


.329 






2. 0 


1.244 


9. 75 


29.9 


.848 


.311 


20. 9 


.492 


.422 


29.9 


.392 


.736 


. 289 






2.5 


1.655 


9. 65 


37.2 


.832 


.414 


26.0 


.521 


.578 


37.2 


.387 


.716 


.277 


6623-B 


N. A. C. A. 4400 inner half, 


1.0 


.505 


10.00 


15.2 


.786 


. 126 


12. 9 


.338 


. 151 


15.2 


.334 


.835 


.279 


2400-34 outer half. 


1.5 


.830 


10. 27 


22.8 


.850 


.207 


16. 1 


.415 


.282 


22.8 


.383 


.734 


.281 






2.0 


I. 154 


10. 51 


28.8 


.871 


.289 


18.4 


.496 


.438 


28.8 


.413 


. 659 


.272 






2.5 


1.545 


10. 34 


36.4 


.846 


.386 


22.7 


.526 


.001 


36.4 


.415 


.638 


.265 


6623-C 


N. A. C. A. 2R 2 00 


1.0 


.478 


10. 57 


15.0 


.776 


. 119 


11.5 


.329 


. 156 


15.0 


.349 


.764 


.267 






1.5 


.788 


10.81 


21.8 


.843 


. 197 


14.6 


.435 


.282 


21.8 


.452 


.698 


.316 






2.0 


1. 168 


10. 40 


30.0 


.861 


.292 


20. 0 


.503 


.448 


30. 0 


.383 


.651 


.250 






2.5 


1.582 


10. 10 


38.3 


.845 


.396 


24.8 


.529 


.626 


38.3 


.387 


.630 


.244 


6623-D 


N. A. C. A. 6400 


1.0 


.562 


8.98 


15.5 


.747 


. 141 


13.2 


.303 


. 159 


15. 5 


. 307 


.885 


.272 






1.5 


. 905 


9.41 


22.4 


.831 


.226 


16.6 


.400 


.274 


22.4 


. 406 


.826 


.335 






2.0 


1.282 


9. 47 


29.4 


.842 


.320 


20.7 


.474 


. 396 


29.4 


.446 


.809 


.361 






2.5 


1. 705 


9. 37 


37.4 


.823 


.426 


26.8 


.526 


.562 


37.4 


404 


.757 


.308 



Table V 

PERFORMANCE OF PROPELLERS OF EQUAL DIAMETER 
[Clark Y propeller taken as standard] 



Propeller 


Section 


Design 
C, 


High speed 


Take-off. controllahle 
pitch 


Take-off, fixed pitch 


V 

, nD 


Diam- 
eter (ft.) 


Blade 
angle 
(deg.) 


* max 


V 
nD 


Blade 
angle 
(deg.) 




V 

nD 


Blade 
angle 
(deg.) 


n 


N 
No 




5868-9 


Clark Y____ 


1.0 


0. 505 


10 


13. 2 


0. 766 


0. 126 


11.8 


0. 307 


0. 151 


13.2 


0. 340 


0. 835 


0. 284 






1.5 


.852 


10 


21.9 


.848 


.213 


15.4 


.128 


.282 


2.1.9 


.411 


.757 


.311 






2.0 


1. 213 


10 


29. 1 


.861 


.304 


19.3 


.500 


.437 


29. 1 


.397 


.693 


.275 






2.5 


1. 598 


10 


3(5. 1 


.850 


.400 


22.7 


.548 


.595 


36. 1 


.403 


.670 


.270 


5868-R6 


R. A. F. 6 


1.0 


.505 


10 


12.5 


.731 


. 126 


10.8 


.311 


. 145 


12. 5 


.338 


.869 


.294 






1.5 


. 852 


10 


21.5 


.816 


.213 


15.3 


.428 


.276 


21.5 


.449 


.774 


.347 






2.0 


1.213 


10 


28.7 


.833 


.304 


18.9 


.508 


.412 


28. 7 


.491 


.734 


.361 






2.5 


1.598 


10 


35.8 


.817 


.400 


22.7 


.570 


.568 


35.8 


.474 


.702 


.333 


6623-A 


N. A. C. A. 4400 


1.0 


.505 


10 


13.4 


. 765 


. 126 


10.8 


.327 


. 154 


13.4 


.348 


.820 


.295 






1.5 


.852 


10 


21.5 


.835 


.213 


15.2 


.428 


.274 


21.5 


. 430 


.779 


.335 






2.0 


1.213 


10 


28.7 


.844 


.304 


19. 0 


.508 


.420 


28.7 


.427 


. 722 


.308 






2.5 


1.598 


10 


35.5 


.832 


.400 


23.2 


.560 


.582 


35.5 


.420 


!695 


.292 


6623-B 


N. A. C. A. 4400 inner half, 


1.0 


.505 


10 


15.3 


.786 


. 126 


12.9 


.338 


. 152 


15.3 


.332 


. 830 


.276 




2400-84 outer half. 


1.5 


.852 


10 


23.9 


.848 


.213 


17.3 


.363 


.287 


23.9 


.361 


.743 


.268 






2.0 


1.213 


10 


31.0 


.866 


.304 


21. 1 


.456 


.436 


31.0 


.374 


.694 


.259 






2.5 


1.598 


10 


37.8 


.843 


.400 


24.6 


.492 


.600 


37.8 


.392 


.665 


.260 


6623-C 


N. A. C. 2R 2 00 


1.0 


.505 


10 


16.7 


.745 


. 126 


13. 0 


.319 


. 159 


16.7 


.337 


.794 


.264 






1.5 


.852 


10 


24.7 


.837 


.213 


18. 1 


.410 


.291 


24.7 


.360 


.731 


. 263 






2.0 


1. 213 


10 


31.8 


.860 


. 304 


21.9 


.486 


.445 


31.8 


.354 


.680 


.241 






2.5 


1. 598 


10 


38.7 


.843 


.400 


25.3 


.510 


.625 


38.7 


.377 


.637 


.240 


6623- D 


N. A. C. A. 6400 


1. 0 


.505 


10 


11.3 


.731 


. 126 


10.8 


.319 


. 146 


11.3 


. 337 


.866 


.292 






1.5 


.852 


10 


19.6 


.828 


.213 


13.7 


.421 


.278 


19.6 


.435 


.766 


. 334 






2.0 


1.213 


10 


26.9 


.835 


.304 


17.0 


.497 


.405 


26.9 


.502 


.747 


.375 






2.5 


1.598 


10 


33.9 


.816 


.400 


20.6 


.563 


.557 


33.9 


.496 


. 715 


.354 



U.S. GOVERNMENT PRINTING OFFICE: 1939 




V 

z 



Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 




Moment about axis 


Angle 


Velocities 


Designation 


Sym- 
bol 


Force 
(parallel 
to axis) 
symbol 


Designation 


Sym- 
bol 


Positive 
direction 


Designa- 
tion 


Sym- 
bol 


Linear 
(compo- 
nent along 
axis) 


Angular 


Longitudinal 


X 


X 
Y 


Rolling. __ 


L 


Y >Z 


Roll 


4> 

e 


u 


V 


Lateral _ 


Y 


Pitching 

Yawing 


M 


z — >x 


Pitch 


V 


<1 


Normal. 


Z 


Z 


N 


x — >r 


Yaw 




w 


r 





















Absolute coefficients of moment 
L r _M_ 

(rolling) (pitching) 



qbS 
(yawing) 



a 



Angle of set of control surface (relative to neutral 
position), 5. (Indicate surface by proper subscript.) 



D, 

P, 

P/D, 
V, 

v*, 

T, 

Q, 



Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

T 

Thrust, absolute coefficient (7 r = ^ 2 ^4 

Q 



PROPELLER SYMBOLS 

P, 



Power, absolute coefficient C P = 



P 
pn 6 D* 

5 IpV 5 

Speed-power coefficient ~\j~ptf 
Efficiency 

Revolutions per second, r.p.s. 
Effective helix angle = tan" 



Torque, absolute coefficient C Q = 



pn'D 6 

5. NUMERICAL RELATIONS 



1 hp. = 76.04 kg-m/s=550 ft-lb./sec. 
1 metric horsepower =1.0132 hp. 
1 m.p.h. = 0.4470 m.p.s. 
1 m.p.s.=2.2369 m.p.h. 



1 lb. = 0.4536 kg. 

1 kg=2.2046 lb. 

1 mi. = l,609.35 m=5,280 ft. 

1 m=3.2808 ft. 



